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A METHOD TO DETECT BIOMOLECULES BASED ON 
THE REPLICATION OF BOUND NUCLEIC ACIDS 

The present invention relates to detecting biomolecules. 

To attain high sensitivity in detecting biomolecules in a biomedical test sample, bio- 
analytic labs frequently employ the ELISA procedure (Enzyme Linked Immuno Sorbent As- 
say). This procedure allows detecting biomolecules down to a minimum detection limit of 
100.000 molecules (10'^®) moles. 

This procedure is too insensitive for serum analysis or gene expression research be- 
cause therein the proteins or peptides to be detected are present only in much lesser quanti- 
ties. 

Procedures are known in the state of the art that offer substantially higher detection 
sensitivities. Illustratively US patent 5,665.539 discloses such a procedure detecting a given 
biomolecules ("Immuno-PCR"). In this procedure the biomolecule is bound in site specific 
manner ~ for instance by means of deposited antibodies — to a matrix. Thereupon the ma- 
trix is jointly incubated with an antibody specific to the looked for biomolecule, the non-bound 
antigens being removed in a washing stage. 

The bound antibodies are marked by a nucleic acid molecule which is multiplied by 
polymerase chain reaction (PCR) and of which the amplification products first are dissolved 
and then are detected by agarose gel electrophoresis. 

This procedure makes use of the extraordinarily high specificity of PCR and of good 
quantitative reproducibility. As a result the detection limit of biomolecules under appropriate 
conditions is better by three to five orders of magnitude than for the ELISA procedure. 

However this procedure lacks specificity between the protein to be detected and the 
amplified nucleic acid marker. Therefore this procedure is suitable only for high-sensitivity 
detection of a single type of biomolecule to be detected. 

A similar procedure is disclosed in US patent 6,531,283 wherein the bound antibod- 
ies are marked with a nucleic acid molecule that is multiplied by means of polymerase chain 
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reaction (RCA). Therein the amplification products are appended in the sense of a chain 
extension to the nucleic acid molecules, resulting in a concatenation exhibiting many repeti- 
tions of the original marker sequence, said concatenation being detectable by using appro- 
priate steps, for instance anhybridizing fluorescence-marked nucleic acid segments that are 
5 complementary to the repetitive sequence. 

This procedure incurs the drawback that only a limited selection of replication en- 
zymes may be used, for instance the DNA polymerase of bacteriophage T7. Therefore said 
procedure is restricted to the properties of available polymerases. Such a restriction is a 
large drawback in particular as regards selecting the incubation temperature. Moreover this 
10 procedure requires a circular primer (Amplification Target Cycle) that must include sequence 

homologies with the nucleic acid molecules bound to the antibodies. 

The objective of the present invention is to create a method allowing detecting a test 
sample's biomolecules at very high sensitivity and specificity while circumventing the above 
cited disadvantages. Another objective is to create a method for preparing a marker that 
15 may be used in such a method for detecting biomolecules, and to prepare such markers. 

These problems are solved by the features of claims 1 or 2, by the features of claim 
26 and by those of claim 43. 

According to claim 1, the biomolecule to be detected is coupled with a substance 
which is part of a nucleic acid replicating device, 
20 to bind the biomolecule-substance complexes so formed is bound to the solid phase 

bound binding molecules specific to the particular biomolecules, 

if called for to remove by washing the non-bound biomolecule-substances com- 
plexes, 

to incubate the bound biomolecule-substance complexes with high-molecular weight 
25 nucleic acid molecules and mono-nucleotides of different species, of which at least the 

mono-nucleotides of one species are fitted with a detectable marking, also with a second 
substance that complements the first substance bound to the biomolecules into a func- 
tional, replicating device for high molecular weight nucleic acids, said device binding the nu- 
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oleic acid molecules and under integration of marked mononucleotides generating replicas of 
the high molecular weight nucleic acid molecules which do not dissociate away, 

if called for to remove by washing the dissolved high molecular weight nucleic acid 
molecules and mononucleotides, 
5 and determining the biomolecules to be detected by the evidence of the marked rep- 

licas. 

Whereas in the cases of conventional immunoassays incubating the immobilized 
biomolecule fitted with a marked antibody or a cascade of antibodies, whence each bio- 
molecule to be detected can only be imparted one or a few markings, in the case of the pre- 

10 sent invention each biomolecule can be fitted with many more markings because a plurality 

of marked mononucleotides is integrated into replicated nucleic acid molecule that acts as 
the detectable marker. Accordingly a much stronger amplified signal is generated in com- 
parison with conventional assays. Lastly the marked biomolecules are identified by means 
of the specific, solid phase bound binding molecules of which the identify and position are 

1 5 known to the particular user. 

Because of the much more amplified signal, the lowest detection limit of the method 
of the present invention is substantially lower than in immunoassays. However such high 
sensitivity requires high specificity for the amplification. In the method of the present inven- 
tion, this requirement is met by the extraordinarily high specificity at which biological nucleic 

20 acid replicating device will replicate a high molecular weight nucleic acid molecule. 

The method of the present invention is not restricted to a few DNA polymerases of 
which the very specific properties might limit said method for instance with as regards tem- 
peratures of reaction, because a plurality of nucleic acid replicating device are applicable in 
said method of the invention. 

25 The method disclosed in claim 2 defines a variation as advantageous as the method 

of claim 1. According to claim 2, immobilized biomolecules are incubated with connection 
complexes consisting of molecules specifically binding to the particular biomolecules and 
also having a first substance which is part of a nucleic acid replicating device. 
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if called for removing by washing the non-bound connection complexes, 
incubating the formed biomolecule connection complexes with high molecular weight 
nucleic acid molecules and mononucleotides of different species, of which at least the mono- 
nucleotides of one species are fitted with a detectable marking, further with a second sub- 
5 stance which complements the first substance coupled to the biomolecules into a functional, 
replicating device for high molecular weight nucleic acid, said device binding the high mo- 
lecular weight nucleic acid molecules and, under integration of marked mononucleotides, 
generates replicas of the high molecular weight nucleic acid molecules that do not dissociate 
off said device, 

10 and determining the biomolecules to be detected by detecting the marked replicas. 

Contrary to the case of claim 1, in claim 2 therefore it is not the biomolecules to be 
detected which are first coupled with the first substance into connection complexes, but in- 
stead specific binding molecules which then are incubated with the biomolecules to be de- 
tected. The biomolecules in turn were previously immobilized on a solid phase substrate. 

15 Immobilization can be carried out for instance by non-specific adsorption or covalent 

binding to a suitable substrate. However, in a preferred implementation of the present inven- 
tion, the biomolecules are immobilized by binding to solid phase bound specific binding 
molecules. 

following incubation of the biomolecules with the connection complexes, the non- 
20 bound connection complexes are removed if called for by washing, 

and prior to the detection of the marked replicas, the dissolved high molecular weight 
nucleic acid molecules and mononucleotides are removed if called for by means of washing. 
Incubation of the immobilized biomolecules with the connection complexes results in the 
known "sandwich" configuration, 
25 In advantageous modes of implementation of the present invention, the biomolecules 

to be detected may be coupled covalently with the first substance, or that the binding mole- 
cules in the connection complexes are coupled covalently with the first substance. 


Page 4 of 19 


wo 2005/017195 A1 

In further modes of implementation, the biomolecules to be detected are coupled by 
linker systems to the first substance, or, in the connection complexes, the binding molecules 
are coupled by linker systems to the first substance. 

Illustrative and especially preferred linker systems are the biotin-streptavidin system, 
5 the ULS platinum-linker system, the digoxigenin system or an arbitrary antigen-antibody sys- 
tem. However any other specifically binding system may be used. Illustratively all systems 
are suitable that are based on the presence of a hapten. 

In one advantageous implementation of the present invention, the first substance is 
the p sub-unit of a DNA polymerase III and the second substance contains the remaining 
10 required sub-units of a DNA polymerase III, so that the previously cited nucleic acid replicat- 

ing device is made up of these two components. 

Alternatively however the first substance may be one or several sub-units of a DNA 
polymerase III and the second substance contains p sub-units of a DNA polymerase III as 
well as any further required sub-units of a DNA polymerase III. 
15 Again and in advantageous manner, the first substance may contain p sub-units of a 

DNA polymerase III and the second substance may be a DNA polymerase I, the Klenow 
fragment of a DNA polymerase I, the Taq DNA polymerase or another DNA polymerase. 

In yet another implementing mode of the present invention, the first substance is a 
DNA polymerase I, the Klenow fragment of a DNA polymerase I, the Taq DNA polymerase 
20 or another DNA polymerase and the second substance contains p sub-units of a DNA poly- 

merase III. 

In every one of the above modes of implementation, the actual replication of the high 
molecular weight nucleic acid molecule is carried out by the remaining sub-units of a DNA 
polymerase III, a DNA polymerase I. the Klenow fragment or the Taq DNA polymerase, 
25 whereas the p sub-unit(s) assure(s) the required high replication specificity and processabil- 

ity in that it (they) ensure(s) clamping the remaining sub-units or the particular enzyme to 
the replicating high molecular weight nucleic acid molecule. Any DNA polymerase III or its 
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sub-units known in the field may be used. In particular sub-units of different DNA poly- 
merases III may be used in combination. 

In another preferred mode of implementation, specificity and processability are in- 
creased further in that biomolecule/substance complexes or the biomolecule/connecting 
5 complexes are incubated — in addition to the second substance - with further p sub-units of 
a DNA polymerase III. 

The effect of the p sub-unit of a DNA polymerase III interacting with a DNA poly- 
merase to enhance the specificity and processability of DNA replication is known for in- 
stance from US patent 6.555,349 which discloses a procedure for isothermally amplifying 

10 nucleic acid molecules using a three-component polymerase consisting of a DNA poly- 

merase (for instance DNA polymerase III), a clamp complex (for instance p sub-units) and 
an accessory complex (for instance y complex). However said document only discloses its 
application to amplifying nucleic acid molecules. US patent 6,555,349 does not describe an 
application relating to immunoassays or to detecting test sample molecules. 

15 In a further advantageous implementing mode of the invention, the high molecular 

weight nucleic acid molecules are shaped circularly. This feature assures that neither these 
molecules nor the generated, marked and also circular replicas shall dissociate off the nu- 
cleic acid replicating device because the p sub-units do retain circular nucleic acid molecules 
but are unable to hold in place linear nucleic acid molecules. 

20 In one advantageous implementing mode of the method of the invention, the high 

molecular weight nucleic acid molecules to be replicated each exhibit one sequence of repli- 
cation origin against which the nucleic acid replicating device may come into contact. 

In an especially advantageous implementation of the invention, the length of the high 
molecular weight nucleic acid molecules is at least 10 kb. In this manner a large number of 

25 marked mononucleotides are reliably integrated into the replicas and thereby strong signal 

amplification is assured. Compared to a PGR amplified molecule, about 20-fold more mark- 
ers are integrated. 
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Especially preferred implementing modes provide that such markings consist of fluo- 
rescent, luminescent, radioactive or enzymatic markers. However all other suitable markers 
may be used. 

One advantageous implementing mode of the method of the invention provides that 
5 the solid phase bound binding molecules are configured on a biochip. In this case the 
marked replicas are detected in especially preferred manner using biochip scanners. 

In a further advantageous mode of implementation of the method of the invention, the 
solid phase bound binding molecules are mounted on beads. In this case the marked repli- 
cas are detected in especially preferred manner using flow detectors. 
10 In a further advantageous implementation of the method of the invention, the solid 

phase bound binding molecules or the immobilized molecules are configured in a biological 
preparation. 

Such a preparation for instance may be a histological section, a freeze fracture 
preparation or a Western Blot, however it may also be any other preparation comprising 
15 solid phase bound binding molecules or immobilized biomolecules. 

Advantageous implementations of the method of the invention provide that preferably 
the biomolecules to be detected are amino acids, proteins, sugars, nucleic acids, antibodies 
lectins, lipids or receptors, whereas the binding molecules preferably are proteins, sugars, 
nucleic acids, antibodies, lectins, receptors or other specifically binding molecules. 
20 Claim 26 defines a method for preparing a marker used to detect biomolecules, 

where 

a first substance which is part of a nucleic acid replicating device and comprises a 
coupling element, 

incubates with high molecular weight nucleic acid molecules and mononucleotides of 
25 different species of which at least the mononucleotides of one species comprise a detectable 

marking, further a second substance, further a second substance, are incubated, comple- 
menting the first substance into a functional, replicating device for high molecular weight nu- 
cleic acids, in a manner that 
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the device so formed shall bind the high molecular weight nucleic acids and. with 
integration of marked mononucleotides, shall generate replicas of the high molecular weight 
nucleic acid molecules, said nucleic acid molecules not dissociating off said device. 

Contrary to the case of the markers used in conventional ELISA or sandwich assays, 
5 the marker prepared as above comprises many more detectable markings. Consequently a 
much more amplified signal is generated than with conventional assays. As a result the 
least detectable limit for biomolecules of a marker made by means of the method of the in- 
vention Is much lower than for Elisa or sandwich assays. 

In one advantageous implementing mode of this method, the coupling element is a 
10 functional group which can bond covalently with molecules to be bound. 

In a further advantageous implementing mode, the coupling element is part of a 
linker system allowing binding the molecules to be bound. 

In this respect especially preferred linker systems are the biotin-streptavidin system, 
the ULS-platinum linker system, the digoxigenin system or an arbitrary antigen-antibody sys- 
15 tem. However any other specifically binding system also may be used. Illustratively all sys- 
tems are appropriate that are based on the presence of a hapten. 

In a preferred implementing mode of this method, the first substance is connected by 
the coupling element to a biomolecule, namely a molecule that is the object of detection. 

Equally advantageously, the first substance can be connected by the coupling ele- 
20 ment to a biomolecule, namely a molecule which in fact must be detected. 

For that purpose, the biomolecules to be detected preferably are amino acids, pro- 
teins, sugars, nucleic acids, antibodies, lectins, lipids or receptors, whereas the. binding 
molecules preferably are proteins, sugars, nucleic acids, antibodies, lectins, receptors or 
other specifically binding molecules. 
25 In one advantageous implementing mode of the method of the invention, the first 

substance is the p sub-unit of a DNA polymerase III and the second substance contains the 
remaining, required sub-units of a DNA polymerase III, whereby the nucleic acid replicating 
device cited uppermost is made up of these two components. 
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Alternatively the first substance may be one or several sub-units of a DNA poly- 
merase III and the second substance may contain |3 sub-units of a DNA polymerase III as 
well as any required further sub-units of a DNA polymerase III. 

Again the first substance may advantageously contain P sub-units of a DNA poly- 
5 merase III and the second substance may be DNA polymerase I, the Klenow fragment of a 
DNA polymerase I, the Taq DNA polymerase or another DNA polymerase. 

In still another implementing mode, the first substance may be a DNA polymerase I, 
the Klenow fragment of a DNA polymerase I, the Taq DNA polymerase or another DNA po- 
lymerase, and the second may contain (3 sub-units of a DNA polymerase III. 
10 In each of the above implementing modes of the method of the invention, the actual 

replication of the high molecular weight nucleic acid molecule is carried out by means of the 
remaining sub-units of a DNA polymerase III, by a DNA polymerase I, by the Klenow frag- 
ment or the Taq DNA polymerase, whereas the p sub-unit(s) assure(s) the required, high 
specificity and processability of replication by clamping the residual sub-units or the particu- 
15 lar enzymatic to the high molecular weight nucleic acid molecule to be replicated. 

Specificity and processability may be enhanced further by incubating the bio- 
molecule/substance complexes or the biomolecule connection complexes with further p sub- 
units of a DNA polymerase III in addition to the second substance. 

In a further advantageous implementing mode of the method of the invention, the 
20 high molecular weight nucleic acid molecules to be replicated are circular in shape. As a 

result, neither these replications nor those generated and marked and also circular shall 
dissociate off the nucleic acid replicating device because the p sub-units hold in place circu- 
lar nucleic acid molecules while being unable to keep in place linear nucleic acid molecules. 
In a further advantageous implementing mode of the method of the invention, the 
25 high molecular weight nucleic acids to be replicated each are fitted with one replication ori- 

gin sequence against which may be set the nucleic acid replicating device. 

In an especially advantageous implementing mode of the method of the invention, 
the high molecular weight nucleic acid molecules exhibit a length of at least 10 kb. In this 
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manner a large number of marked mononucleotides is reliably integrated into the replicas 
and high signal amplification is attained. Accordingly, in comparison with a PCR amplified 
molecule, a 20-fold larger number of detected markers has been integrated. 

In especially advantageous implementing modes, these markings consist of fluores- 
5 cent, luminescent, radioactive or enzymatic markers. However all other suitable markers 
may be used. 

According to claim 43, a biomolecules detecting marker is defined that was prepared 
by means of one of the above discussed. 
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